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Abstract 
Rare-wood which has traditionally been used in the making of the acoustic guitar, has been the 
growing concerns among producers due to the environmental issue and scarcity in obtaining 
high-quality wood. Technological advancement had paved the way for producing musical 
instruments including guitars using bio-composite, bio-sourced and/or biodegradable materials. 
The scope of the project is to produce, manufacture and demonstrate the use of PHA polymer 
and wood to produce a biodegradable composite acoustic guitar whilst achieving high-quality 
surface finish and at the same time obtaining an insight and understanding of the wood plastic 
processing properties.  
The project’s methodology is by way of research and experiment carried out at the UQ 
laboratory to select the most suitable wood-PHA combination (wood fibre or wood flour with 
PHA). Various different compositions and combination of wood-PHA (50%-50%, 30%-70%, 
and 20%-80%) material samples were tested by curing it at different curing cycle to obtain the 
optimum melting temperature and time which is then used as the basis to produce the guitar. 
Besides, a study had also been done to determine the wet processing of the guitar (distilled 
water or ethanol) which is then used to manufacture the body of the guitar. The techniques used 
in this project are via vacuum bagging and oven processing.  
From the findings, the most suitable combination is using the wood flour and PHA and melting 
it at a temperature of 180oC for 20 minutes. For the wet processing of the guitar body, it is 
investigated that mixing the material with ethanol gives a better result than using distilled water. 
The body of the guitar is being cured in the autoclave with a total pressure of 2.5 bars to 
overcome issues with porosity as well as to gives a high-quality surface finish. The soundboard 
was manufactured separately with a thickness of 3 mm. The soundboard is first being hard-
pressed to ensure most of the air is taken out before being cured. Numerous challenges and 
difficulties were faced during the manufacturing process, the solutions to which were herein 
discussed. The primary challenges were to ensure that the material has a good vacuum and 
enough pressure while it’s being cured. 
Overall, the project is a success and has met its objectives of making the acoustic guitar using 
the wood-PHA composite materials with some reinforcement to address the deformation and 
cracking due to the lack of stiffness properties of the wood-PHA material. 
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1 Introduction 
Wood has been traditionally used to make guitars as well as dominated the market for many 
musical instruments. High-quality wood then became scarcer as well as its use is being 
restricted due to environmental concerns. Deforestation and overharvesting have led to a 
chronic shortage of rosewood, maple, ebony, mahogany and spruce. According to the head of 
Gibson, within the next decade, the expectation is that there will be shortages of specialists 
wood required to build premium guitars [1]. Therefore, as technology progressed, 
manufacturers started to use other materials such as plastic and hard rubber to make musical 
instruments including guitars. Recently, carbon fibres and graphite materials often referred to 
as composite materials are used. Composite materials are made using two or more substances. 
Bio-composites are composite materials formed by a matrix (resin) and are reinforced with 
natural fibres derived from plant, animal and mineral sources [2]. Use of bio-composite 
materials are significantly rising and have been the most suitable material due to their eco-
friendly advantages. Growing use of bio-composite materials in most applications will surely 
give positive environmental results. For these reasons, the research into the production of the 
acoustic guitar using bio-composite materials is proposed. Furthermore, from a structural 
perspective, composites are more durable. They are water resistance and stable to temperature 
and humidity as well as have excellent tuning stability [3].  
Hence, the experimental procedures being implemented in this project introduced quantitative 
techniques and method to select the best mixture of wood and polyhydroxyalkanoates (PHA) 
composites to replace the traditional wooden guitar. 
The aim of this report is to present the overall work undertaken in this project as well as to 
assess the appropriateness of the manufactured acoustic guitar using the wood-PHA composite 
materials and make recommendations on how it can be further improved in the future. 
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1.1 Motivation 
Pushing the boundaries of sustainability and innovation alongside with manufacturing a product 
that has never been done before are the key considerations into making this wood-PHA bio-
composites acoustic guitar. Innovation in creating and making high-performance guitar would 
outweigh the classical instruments made of wood which is subject to humidity and water 
warping. Additionally, both the government and industry are now faced with challenges to the 
successful transition to a bio-based economy. The ‘Environmental Benign Manufacturing’ 
(EBM) technologies, applications and policies in Europe and Japan has now been reviewed by 
the world technology (WTECH) panel report in comparison to those of the United States. 
According to the Biomass Research and Development Act of 2000 (U.S. Public Law 106-224), 
and The Farm Security and Rural Investment Act of 2002 (Public Law 107-17), there are now 
economic incentives to consider bio-based alternatives to petroleum-based materials [4]. 
The known key advantages of PHA polymer are that it is versatile, strong and flexible enough 
[5]:- 
 It can be successfully bonded and can be attached to other materials by using adhesives
 Gives positive impact to human health and environment
 Biocompatible and biodegradable
Taking cognisance that the advantages of the PHA as mentioned above, it does not only spurs 
the development and production of the first biodegradable composites acoustic guitar made 
from biopolymer but at the same time provides a positive impact on the environmental concern. 
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1.1 Thesis Outline 
Table 1 shows the outline of this thesis. 
Table 1: Thesis outline 
Chapter 1 
Introduction 
- Provides an insight of the project to replace wood with bio-composite
materials (wood and polyhydroxyalkanoate (PHA)) in the
manufacturing of guitars.
Chapter 2 
Project Overview 
- Highlight the project goals and project objectives
- Incorporate the various environmental, economic and social
considerations. 
- Define the project assumptions and limitations.
- Outline the project scope and the various stages involve in the
research.
Chapter 3 
Literature Review 
- Provides some background information on the acoustic guitar and the
availability and marketability of bio-composite acoustic guitars.
- Discussion on previous research relating to the usage of bio-composite
materials.
- A literature review on wood plastic composites (wood-PHA) and use
of biodegradable polymers as well as highlighting the typical
manufacturing processes of wood polymers.
- The literature review scrutinized the properties of the wood fibre,
wood flour, and PHA.
Chapter 4 
Materials Processing Method 
- The processing method used in this project is defined and outlined in
this section, specifically highlighting the vacuum bagging and oven
processing techniques.
Chapter 5 
Experimental Approach 
- The experimental researches done before proceeding with the
manufacturing of the guitar are discussed in this section.
- The investigation into the selection of the appropriate material and
optimal mix of wood (wood fibre or wood flour) and PHA.
- The optimum temperature and time for the curing cycle are also
discussed.
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Chapter 6 
Manufacturing Process 
- The process involved in manufacturing the soundboard, the guitar’s
body using the wood-PHA is discussed in detailed.
- The material defects that occurred throughout the process were also
discussed in this section.
Chapter 7 
Structural Analysis 
- The structural problem that occurs after the guitar is built is discussed
in this section.
Chapter 8 
Challenges Encountered 
- The challenges encountered while undertaking this project are
elaborated further in this section such as porosity issue, determination
of the optimum temperature and time for the material to melt.
Chapter 10 
Project Risk Management 
- Identifications of risks, outline the causes and consequences, risks
rating before treatment, risks control/measures, and residual risks
rating.
Chapter 11 
Conclusion and Recommendations 
- Provides summary of results obtained from the project as well as
recommendations to improve the quality of the guitar and possible
areas for future research.
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2 Project Overview 
This paper represents research initiatives focusing on the use of wood and PHA composites to 
make an acoustic guitar as an alternative material to replace the traditional wooden guitar. 
Composite materials are emerging as a competitive alternative material due to the 
environmental concern. This section outlines the project goals and objectives, environmental, 
economic and social considerations, project restrictions and assumptions, project scope and the 
stages of the project.  
2.1 Project Goals 
The purpose of the study is to manufacture, produce and demonstrate the use of PHA polymer 
and wood to produce a bio-composite acoustic guitar with high surface finish whilst 
maintaining or having better sound quality. It is expected to be the first production of an acoustic 
guitar using a biopolymer material which is 100% bio-sourced and biodegradable.  
2.2 Project Objectives  
The objectives of this thesis project are:- 
 To produce a biodegradable composite acoustic guitar using a mixture of wood and
polyhydoxyalkanoates (PHA) polymer. The rare wood material which is normally used
in the manufacturing of the acoustic guitar is replaced by the wood-PHA composite
based material.
 To achieve the highest quality surface finish with the comparable sound quality, if not
better than the wooden guitars.
 To obtain an insight and understanding of the wood plastic processing and properties.
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2.3 Triple Bottom Line 
2.3.1 Environmental Considerations 
The commonly used rare hardwood in producing acoustic guitars can be directly replaced by 
wood-PHA composites. The environmental issues with regards to the production of wooden 
guitars are the wasted material. Wood-PHA composites are eco-friendly since the PHA is a 
bioplastic material. Biodegradable plastics can combine with bacteria or plants and can be 
predisposed of in an environmental friendly methods, whereas, petroleum-based plastics take 
up space in the dump site. 
2.3.2 Economic Considerations 
For many years, wood has traditionally been used in the manufacturing of the acoustic guitar 
because it provides a reliable, cost-effective and appealingly pleasing final product.  This thesis 
project represents a research into the manufacturing process of the materials since it will be the 
first biodegradable composite acoustic guitar made from biopolymer as well as investigating 
the structural performances of the material.  
2.3.3 Social Considerations 
The devastation of the habitat could be reduced by making the acoustic guitar using a more 
environmental friendly materials. Therefore, by making the guitar using this wood-PHA 
composite material, it would definitely give a positive impact to the community.  
2.4 Project Restrictions 
Certain considerations on the restrictions are identified in carrying out this project, namely:- 
 The geometry of the guitar has been defined by the previous project group.
 Certain processes had to be carried out and outsourced elsewhere due to the shortage of
equipment that is available at the UQ laboratory due to the size restrictions.
 The techniques used in the manufacturing process are limited to vacuum bagging and
oven processing.
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2.5 Project Assumptions 
There were various assumptions that were considered for this project. These includes: 
 The acoustic simulations and testing of the soundboard are assumed to be suitable.
 No further test shall be carried out as far as determining the manufacturing process of
the guitar.
2.6 Project Scope 
The project scope shall cover the relevant parts, properties, and configurations required of an 
acoustic guitar. This will include among others the soundboard, the body, the strings and the 
fingerboard of the guitar. The summary of factors that will be included and/or required to be 
addressed or otherwise is as shown in Table 2. 
Table 2: Scope of the project 
Type In Scope Out of Scope 
Design 
Constraints 
- Wall thickness
- Minor shape adjustments
- Guitar body contour:
pre mould formerly
formed
Materials 
- Use of polyhydroxyalkanoate  (PHA)
polymer
- Wood fibre
- Wood flour
- Other materials not
specified under in
scope.
Process 
- Vacuum bagging
- Temperature and optimum curing
time selection
- Using autoclave at LSM Advance
Composites
- Using ovens at Airbus Helicopter
Composites
- Epoxy adhesive is used as bonding
agent
- Other methods
- Other manufacturing
methodologies
application
Production  
quantity/output 
- Only one unit of prototype/model  to
be used for research and presentation
purposes
- Commercial and 
marketable production 
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2.7 Project Stages 
Figure 1 below outlines the various steps taken in carrying out this research project and how 
they are linked to achieving the objectives of the project.  
Figure 1: Project Flow Chart 
To obtain relevant information and knowledge on the mechanical properties of the materials, 
extensive and comprehensive research was carried out to provide some background to the 
project. 
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3 Background and Literature Review 
This section provides some background information about acoustic guitar, current availability 
and marketability of bio-composite guitar and also background information on wood plastic 
composites (Wood-PHA) which is the context of the study. 
3.1  Acoustic Guitar 
Guitar, which has been around for more than thousands of years, is the most popular musical 
instrument of the string family and is to date still famous in modern music. There are two main 
components of a guitar, which are the soundboard and string. The guitar that produces sound 
acoustically by transmitting the vibration of the string to the air is known as acoustic guitar.   
The sound waves from the string reverberate via 
the guitar’s body and thus making the sound.  
The vibration per second is known as the 
frequency and measured in cycles per second or 
Hertz (Hz). The pitch is controlled by the 
frequency and can either be the high frequency 
for high pitch or low frequency for low pitch [6]. 
Figure 2 provides an acoustic guitar made of 
wood. It indicates the typical overall 
configuration of an acoustic guitar.  
Upon plucking the guitar strings, the vibration causes the air around the string to also vibrate 
and create the sound. However, there are several factors that determine the frequency of a guitar. 
The mass of a string shall determine the pitch because more massive or heavier strings vibrate 
more slowly. The strings are installed by stretching them from the guitar body and fretboard, 
against the nut and into the tuners. This is to allow for adjustment to be made on the strings to 
the preferred notes. Changing the tension in the string can change the frequency. Having higher 
tension raises the pitch. The length of a string can also decide its frequency. Shortening the 
string, usually done by pressing the string firmly against the fingerboard will also give a higher 
pitch. Thus, strings are the vital part of a guitar sound [7].  
Figure 2: Acoustic Guitar Configuration
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The guitar’s bridge is attached to the guitar’s body. By vibrating the string, the mechanical 
energy is transferred down the strings to the guitar’s bridge. The transfer of energy to the bridge 
causes the soundboard of the body to vibrate too. The soundboard has a significant impact on 
the sound of guitars. It is usually made from a thin piece of wood. The air inside the body of 
the guitar simultaneously vibrates when the soundboard vibrates. The air molecules start to 
bump into the other particles around them and vibrate at a common frequency. This produces 
the sound and this sound has to go elsewhere. It, in turn, escapes through the sound hole and 
projected to the listeners [6]. 
An acoustic property is defined as tone, projection (loudness) and playability of a guitar. The 
acoustic qualities of guitars are directly influenced by the materials from which they are built. 
Wood, often rare hardwood has traditionally been the commonly used material in making 
acoustic guitar due to its unique mechanical properties. Due to environmental concerns, 
alternative materials are needed to be looked at as replacements. However, the alternative 
materials must at least have the range of acceptable guitar sounds, or if not, better than guitar 
made of wood. Wooden guitars are becoming more expensive as rare hardwood becoming 
scarce due to deforestation. Research has shown that the composite materials have recently been 
developed for many applications such as musical instruments [3].  There are only a handful of 
known acoustic guitars being made from composites. RainSong which uses a graphite 
composite for its instrument and Blackbird which makes carbon fibre travel guitars [3]. 
Composite materials are suitable replacement for wood because of their inherent orthotropic 
behaviour.  
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3.2 Bio-composite Acoustic Guitar 
Many string musical instruments notably guitars are made from different timber species as 
preferred woods. However, these musical instruments are faced with sustainability threat, thus, 
paving the way for alternative materials such as bio-composite to gain significant importance. 
Bio-composites are composite materials formed by reinforced natural fibres which are derived 
from biological origins [8]. It is divided by non-wood fibres, such as straw fibres (rice, wheat, 
corn, straws), seed/fruit (cotton, coir, coconut), grass fibres (bamboo, bamboo fibre, switch 
grass) and wood fibres, non-recycled (soft and hard wood), and recycled (newspaper, magazine 
fibre) [2]. Traditional tone wood can be substituted by the bio-based industrial fibres when 
combined with core material such as foam, aramid honeycomb, carbon fibre or balsa wood and 
resins. The main parts of the guitar such as hollow unitary body, neck, head and the soundboard 
can effectively be made using bio-composite materials to replace wood in making an acoustic 
guitar.  It can also act as a strengthening material of the soundboard [9]. The current market 
availability of the bio-composite acoustic guitar is deliberated in the next section.  
3.2.1  Current Bio-composite guitar 
In view of the bio-based composite guitar being in its infant stage, hence, there’s not much of 
bio-composite guitars being manufactured. El Capitan guitar and Alpaca guitar are the only 
known bio-composite guitars to have been produced currently.  
3.2.1.1 El Capitan Guitar (Ekoa Fibre) 
One of the renowned companies that make bio-based composites for a musical instrument is 
Blackbird Guitar. In 2013, Blackbird produced a bio-composite guitar known as El Capitan 
made from Ekoa, which is a 50-50 mix of flax linen and industrial waste resin eco-friendly fibre 
reinforced bio resin material [10]. Figure 3 shows the El-Capitan Guitar. 
Figure 3: El-Capitan Guitar 
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3.2.1.2 Alpaca Guitar 
The founder and designer of the Alpca guitar, Chris Duncan, chose to 
build a guitar with Biotex Flax 2x2 Twill 400gsm fabric mixed with 
carbon fibre and Entropy’s SuperSap bio-derived epoxy after 
experiencing with various problems while using his traditional 
acoustic guitar. Withstanding the pressure of excessive use, atrocious 
roads, elevations changes and humidity extreme possess the main 
problems to the traditional acoustic guitar. Due to the tightest weave 
and the combination of materials resulted in a lightweight and strong 
instrument with a brilliant, resonant sound, the material was favoured 
[11]. Figure 4 shows the Alpaca Guitar. 
3.3 Wood Plastic Composites (Wood-PHA) 
The use of plastic composite materials also known as the mixture of wood waste polymeric 
materials are steadily on the rise and rapidly growing. Also, due to the growing environmental 
concern as well as rapid technological advancement manufacturers are ready to look into 
alternative high quality and competitive materials to produce guitars and other musical 
instruments. 
The renewable agricultural and biomass feedstock, biodegradable plastics and bio-based 
polymer can form the basis for sustainable eco-efficient products because they can be 
competitive as compared to the dominated petroleum feedstock. The combination of natural 
fibres with polymers based on renewable resources will address the environmental issues [12]. 
A polymer is a material that is strengthened with some kind of filler at all times and can be 
applied in two ways. Firstly, lower costs and comparable performance to the unfilled polymer 
and secondly, by using reinforce fillers and providing performance which is beyond the 
achievable using unfilled polymers [13].  
Figure 4: Alpaca Guitar
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3.3.1 Wood as reinforcement 
Encouraged by the improved processing technologies and development of coupling agents, the 
usage of wood thermoplastics have been relatively new, despite its known use as reinforced 
filler in thermoset polymer for decades. In comparison to inorganic filler such as glass fibre and 
clay, the advantages of using wood as filler in the plastic composite are its economic advantage, 
using resources or materials which are naturally replenish or renewable, materials which are 
capable of decaying through the action of living organisms (biodegradability), low specific 
gravity and low abrasion to equipment. The wood-based materials for wood plastic composite’s 
production are easily available and source in the forms of sawmill chips, sawdust, wood flour, 
wood fibres, wood powder or pulp [1].   
Commercially, wood fibres are one of the ideal form of fibre composites due to their cost 
effective alternative compared to plastic composites. [13]. However, the highly hydrophilic 
natures of the lignocellulose materials make them incompatible with the thermoplastics, which 
are highly hydrophobic in nature [13,14]. Due to the vulnerable fibre-matrix interfacial bond 
caused by the low compatibility, wood fibre composites have poor mechanical and physical 
properties. [13].When exposed to fluctuations in the comparative humidity of the environment, 
wood fibres tend to absorb high water or desorption. This will then during processing create 
many unfavourable effects and affect the final product such as causing undesirable void because 
of the existence of moisture in the wood. [13]. 
Due to the convenience to obtain the materials, low compactness, biodegradation, renewability, 
great strength and comparatively low cost, wood flour is progressively recognised to be used 
as filler for polymers.  [14]. Maiti and Singh observed that the effect of wood flour size that 
was compounded with a mixture of HDPE followed by the extrusion moulding, it was 
discovered that the trials displayed an increasing Young’s Modulus with the wood flour atom 
size in the span of 180-425 micrometre. But with wood fibre, the ductile intensity and Young’s 
modulus were discovered to decrease and failure strain increased with decreasing average fibre 
length in composites with the aspect ratio of wood fibre calculated to be between 16 and 26. 
Thus, the greater aspect ratio would enhance stress relocation from the matrix to fibre. Wood 
flour used as fillers in thermoplastics are normally below 0.425 mm (40 mesh size) that has the 
aspect ratio of 3:4 [15]. However, extremely fine-wood flours can cost higher and intensify melt 
viscosity in excess of coarse wood flour. Nonetheless, composites made from wood flour 
normally have a consistent appearance and smoother finish.  
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3.3.2 Polyhydroxyalkanoates (PHAs) 
Biodegradable polymer produced from renewable resources has been on the rise in recent years 
and represents a possible sustainable substitute for fossil fuel-based thermoplastics. Therefore, 
polyhydroxyalkanoates or PHAs as replacement for petrochemical-based polymers is 
increasing popularity in usage involving packaging, medical and coating materials [16].  
PHA is bacteria synthesized, intracellularly accumulated polyesters from saturated and 
unsaturated hydroxy alkanoic acid. They occur either as homopolymers or copolymers of 
various hydroxy alkanoic acids [17,18,19] Studies disclosed that they are thermoplastic, 
insoluble in water, non-toxic, and biodegradable, biocompatible, piezoelectric and exhibit a 
high degree of polymerization as well as have the molecular weight up to several million 
Daltons.  The physiological and mechanical properties indicated that the melting point, 
crystallinity, and glass transition temperature of PHAs is similar to polypropylene. The physical 
and material properties similarities to conventional plastics exposed it to enormous various 
applications [18]. 
The homopolymer of 3-hydroxybutyrate, poly (3-hydoxybutyrate) is the best-characterized 
member of the polyhydoxyalkanoates and is the most widespread. A French scientist Lemoigne 
in 1925 first discovered in bacteria, the linear polyester of D (-)-3-hydroxybutyrate acid. Under 
situations of a nutrient restriction other than carbon source, a wide variety of Gram-positive and 
Gram-negative organisms are amassed in intracellular granules [18]. PHAs can be categorized 
as short-chain-length or medium-chain-length polymer, that includes, polyesters containing 
monomers that are C4 or C5 hydroxy alkanoic acids, such as P(3HB), poly (3-
hydroxyvalerate)[P(3HV)] or the copolymer P(3HB-co-3HV) and (PHAmed) includes those 
polymers formed by monomers equal to or longer than C6, usually existing as copolymers of 
two to six different types of 3-hydroxyalkanoic acid units respectively depending on the length 
of their monomers. When the molecular bonds of a polymer are attacked by oxygen molecules 
there will be thermal degradation occurred due to oxidation. 
Polyhydroxyalkanoates (PHA) biopolymer processing is often challenged by the low thermal 
stability and is very sensitive to processing conditions [20]. PHAs often displays low thermal 
stability at temperatures over 170oC. It has proven to have a melting temperature that is very 
near to its degradation temperature. Thus, reducing the range of temperatures and times for 
which it can be processed [18]. 
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The crystallization procedure will affect the mechanical properties of products from PHAs. 
During fast cooling, the amount of crystallinity is lower and lesser crystallites are developed. 
In order to improve the PHAs mechanical properties, their glass transition temperature must be 
below the testing temperature, thereby, the flexibility of the chain segments increases and 
formation of fine cracks decreases. Studies show that despite, the pure PHAs and the 
uncontaminated copolymer are stiff, delicate plastics; the blends are supple, strong and flexible. 
If the elongation at break is <20%, the polymer is designated as brittle. Due to secondary 
crystallization after day 1 it exhibits smaller elongation as well as new thin crystallites were 
being formed in the amorphous region and the materials become hard and brittle [21]. 
PHAs material is sensitive and changes over time. Re-crystallization will occur with ageing at 
room temperature. For example, samples stored at room temperature for 60 days have lower 
values for elongation at the break than samples stored for 30 days [22]. To improve flexibility 
and elongation in the final product, the use of plasticizers and the nucleating agent would help 
in improving the final product [18, 21]. The crucial problem relating to the processing of PHAs 
are the very low resistance to thermal degradation. The rapid decrease in molecular weight is 
because of the main reaction involves chain scission. Degradation of the chains may be reduced 
by the addition of a lubricant [18, 21]. Thus, the materials can be processed at 170oC-180oC. 
This is due to the fact that PHA is sensitive to high processing temperatures. Hence, the 
molecular weight is decreased as well as providing a reduction in the melt viscosity.  
PHA has considerable variance in its properties. The polymer hydrophobicity, melting point, 
glass transition temperature and degree of crystallinity, is affected by the chain length of the 
monomer. P (3HB) is comparable to petroleum-based polymers, with low O2 permeability and 
good thermoplastic properties. Nonetheless, it suffers from poor mechanical properties because 
it is stiffer and brittle than polypropylene [19]. 
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The average properties of PHA’s are summarized in Table 3: 
Table 3: Range of Typical Properties of PHA [18] 
Property [units] Values 
Tg [
oC] 2 
Tm [
oC] 160-175
Xcr [%] 40-60
E [GPa] 1-2
𝜎 [MPa] 15-40
𝜀 [%] 1-15
WVTR [g.mm/m2.day] 2.36 
OTR [c.mm/m2.day] 55.12 
Where Tg: glass transition temperature, Tm: melting temperature, Xcr: crystallinity degree, E: Young’s Modulus, 
𝜎: tensile strength, 𝜀: elongation at break, WVTR: water vapour transmission rate; OTR: oxygen transmission rate. 
3.3.3 Manufacturing Process 
Wood polymer composites are generally processed by either injection moulding or extrusion. 
All polymeric composite processes have common features that are the combining of a resin, a 
curing agent and some type of reinforcing fibre. Heat and pressure are used to shape and “cure” 
the mixture into a complete part. The composite resin acts to hold the fibres together and 
safeguard them and to transfer the load to the fibres in the fabricated composite part.  From the 
various techniques being applied in the literature to manufacture wood plastic composite, two 
main techniques adopted are the extrusion and injection moulding. Both these techniques use a 
screw and a transport mechanism [23] and commonly use to process plastics. This is because 
the process includes all the basic steps of polymer processing, conveying, pumping, melting 
and blending. [24]. The various key processes applied in advanced composites industry are 
discussed in the next section.  
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3.3.3.1 Injection Moulding 
Injection moulding is one of the commonly used methods of processing wood-polymer 
composites. It entails extrusion of the constituents at melt temperature and pursued by the 
shaping processes. It is vital to consider the process limitation setting and optimization in order 
to increase the superiority of the moulded parts and reduce the cycle time. The schematic 
diagram in Figure 5 below displays the injection moulding process [25]. 
Figure 5: Schematic diagram of injection moulding [25] 
When a plastic or composite material is injected into a mould under very high pressure, the 
process is known as injection moulding. The injection moulding machine has two main parts 
which are the injector and clamping device. To complete the process, it will require a mould to 
form the product. Pellets, flakes or chips of compounded WPC are molten, pressurized and 
injected into the mould. The clamping device helped to hold the mould together and enable the 
correct pressure injected throughout the injection moulding cycle [26]. 
Injection moulding machine operates under heat and pressure where a thermoplastic polymer 
is heated within a cylindrical chamber to a melting temperature that causes the material to flow. 
The molten material then flows to fill a mould at the end of the chamber. It is then hydraulically 
pressed from the chamber to a relatively cold mould through a plunger or ram.  A screw that 
moves forward and backward then compresses the materials. It is ready to be removed once the 
screw moves backward [27]. The important fundamental in the process of injection moulding 
are the change in temperature and pressure. 
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3.3.3.2 Extrusion 
Another type of the manufacturing process is by way of an extrusion machine, which is a widely 
used method for processing wood plastic composite. Compounding by using an extruder is a 
process primarily to melt the polymer and mix the polymer, wood, and additives. The extruder 
is the heart of the WPC extrusions system [28]. The materials can be extruded in a uniform 
cross-sectional area through a die. The material is mixed, compressed, and metered through the 
die propelled through the barrel via the hopper. It goes through 3 main sections of the barrel. 
The mixing of fibre reinforced thermoplastic composites can also be done via an extruder. 
Bengston and Oksman 2006 manufacturing of wood plastic composite techniques were based 
on drying wood flour at 100oC to reach the moisture content of 0.3%. At a temperature of 165-
200oC, using the corotating twin-screw extruder, the dried wood and plastic granules were fed 
into it. At the extruder end, a rectangular die was used and the extrudates cooled at the ambient 
temperature. In order to improve the product properties Silane was the added during extrusion. 
As a result of adding the Silane, the product properties shows an increase in toughness, impact 
strength and creep properties associated to those without Silane[4, 29]. 
3.3.3.3 Vacuum bagging, Autoclave Cure 
Vacuum bagging is one of the techniques use to establish the mechanical force on a laminate 
throughout its cure cycle. Several important functions are served when pressurizing a composite 
lamination such as the caught air among the layers are eliminated, the fibre layers are 
compressed for effective force transmission between the fibre bundles, helping in reducing 
humidity and most importantly is that it  enhances the fibre-to-resin ratio in the composite part. 
If cured and not having reinforcement polyester and epoxy are quite brittle. In a situation where 
surplus resin in the laminate, the laminate will only have additional of the properties of the 
resin, while if not much resin exits, the vulnerable spot will be present in places where the 
reinforcement is dry. Curing of parts is a mixture of heat, pressure, vacuum and inert ambiance 
to attain the appropriate cure. In order to take away the air and volatile products, the part is 
positioned into a plastic bag inside an autoclave and a vacuum is applied to the bag. The process 
of curing entails application of the heat and pressure. Nitrogen or carbon dioxide is introduced 
into a still atmosphere given inside the autoclave. By applying vacuum to the resin, residual 
material/gas caught in the uncured resin is eliminated [30].  
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3.4 Literature Review Findings 
In summary, the literature review findings scrutinizers the properties of the wood fibre, wood 
flour, and PHA. Understandably, processing of the wood plastic composites is typically by 
injection moulding and extrusion. Hence, it is not possible to implement this process in this 
project because of the limitations of equipment available in UQ. UQ only has an open moulding 
machine. This causes difficulties in building the guitar by using this technique. The only 
available option in making the guitar is by vacuum bagging and oven processing. The findings 
of the literature review indicated that processing of PHA might not be easy as it is very sensitive 
to the processing conditions.  As such, a study on the processing time of wood-PHA is required 
to be carried out prior to the making of the guitar.  
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4 Materials Processing Method 
The study involves the first wood-PHA guitar to be produced in the world. Therefore, the 
manufacturing process to produce the wood-PHA guitar have not been determined.  
Due to the limitation of equipment available at the UQ laboratory where it only has an open 
moulding machine which makes it hard to manufacture the guitar, the injection moulding 
techniques could not be used. Hence, all of the experiments done had utilize vacuum bagging 
techniques and heated in the oven to promote flow and consequently to cure the materials. The 
most suitable wood reinforcement and content, as well as, curing cycle shall be the basis for 
making the soundboard as well as the guitar’s body.  
4.1 Vacuum Bagging 
Using a vacuum pump, the air from inside the vacuum bag is extracted out. This process is also 
known as vacuum bagging. The part will be compressed under atmospheric pressure for the 
compressing. Subsequently, the hardening process takes place by sealing a plastic film to 
laminate the mould. A vacuum pump is used to extract the air out. Up to one atmospheric 
pressure can be applied to laminate and consolidate it. There is a number of advantageous in 
using vacuum bagging as listed below:- 
 The trapped air between the particles can be removed
 The fibre layers for efficient force transmission can be compressed
 Amount of volatiles during cure can be condensed
 Humidity is  lessened
 The fibre-to-resin ratio in the composite is optimised
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Figure 6: Vacuum Bagging Technique 
An illustration of the vacuum bagging technique is as shown in Figure 6 above. A perfect seal 
along with excess bagging is required. This is to maintain the pressure and high-quality surface 
finish. Figure 7 below show the visual of the vacuum bagging process used in the project. 
Figure 7: Vacuum Bagging Process 
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The process involves placing release fabric or commonly known as peel ply on top of the mixed 
materials. It is then followed by covering the material using a release film. The film selected is 
dependent on the cure temperature and shape of the component. Thereafter, a breather or 
bleeder fabric is placed on top of the release film in order to allow for the passageway of air 
through the bag face while under vacuum pressure. The air will be removed from the release 
film and an even pressure will be applied to it. Then, to provide an airtight seal between the 
tool and bagging film, sealant tape is used and must be sufficiently appended to stick well to 
the mould surface. It is recommended that the yellow type of sealant tape is used. The vacuum 
bagging film is used in the final process where the bag is completely air tight. This is to ensure 
that no leaks at full vacuum during the final cure. To check for any leakages and to ensure that 
the vacuum is accordance to the vacuum bagging requirement, a vacuum gauge is used by 
connecting the vacuum bag to the vacuum pump. 
4.2 Oven Processing 
The next step is to proceed with the curing process where the materials will be melted using the 
optimum temperature and time that has been recorded. Vacuum process also shall continue 
during the curing process. 
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5 Experimental Approach 
In order to achieve the objectives, the next step in this project was to carry out some research 
via experiment to access and determine the most suitable and effective mixture of the wood-
PHA materials as well as to obtain the optimal melting temperature and length of time. The 
experiment is carried out at the UQ Composites Laboratory. Three (3) different experimental 
approaches have been done to determine the suitable composition and curing cycle for the 
wood-PHA composites as summarized in Figure 8 below: - 
Figure 8: Experimental Approach 
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5.1 Selection of wood reinforcement and content 
Like a conventional plastic, wood plastic composites (WPCs) are produced by mixing wood 
flour or fibre or pulp and plastics. Due to the enhanced mechanical properties as well as 
lightness and sustainability, this new generation WPCs materials resulted in the rising number 
of uses in areas such as building, construction, and automotive engineering.  
PHAs have wide variety of microorganisms that accumulates polymers for carbon and energy 
sources. When reinforced with either fine wood flour or wood/natural fibres, composite 
materials provide varying degree of mechanical properties enhancement.  
This step started off with an investigational methodology by conducting some trials at UQ 
laboratory to examine the most preferred mixture of wood (wood fibre or wood flour) and PHA. 
The objective is to replace the commonly used rare wood in the making of acoustic guitar. The 
experimental approach entails the use of various different compositions of wood and PHA.  
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5.1.1 Wood Fibre and PHA  
The various composition of wood fibre and PHA has been tested. The procedure involves in 
combining the wood fibre and PHA is detailed as below: 
Figure 9: Weigh the materials 
Figure 10: Mix the materials 
Figure 11: Dried materials 
Figure 12: Vacuum bagging 
The wood fibre and PHA are weighed using the weighing scale 
machine using different composition which are 50%-50%, 30%-
70% and 20%-80% and was split into different bags as shown in 
Figure 9 
Both wood fibre and PHA are mixed with distilled water using 
blender to make mating until they are well mixed as shown in 
Figure 10 
The mixed wood fibre and PHA are then dried in an oven at a 
temperature of 105oC as shown in Figure 11. 
Note: the number of days for the materials to dry is increased 
accordingly (example: leaving them dry for 1,2,3 or 4 days). 
These process is done to observe any changes and effects on the 
materials. 
The dried materials then undergo vacuum bagging process as 
discussed in Section 4 and is cured in the oven as shown in 
Figure 12. 
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5.1.1.1 Results and Discussion 
Figure 13: Comparison between 50%-50% and 30%-70% 
For the wood fibre, it has been deduced that having 30%-70% by weight of wood fibre and 
PHA and dry them for four (4) days is the most suitable options. Figure 13 shows the 
comparison between 50%-50% and 30%-70% by weight of wood-PHA. Therefore, the process 
is continued by making a sample of soundboard using the optimum composition. Figure 14 
shows the results obtained. 
Figure 14: 30%-70% Wood fibre and PHA soundboard 
Based on the visual observations from Figure 14, the first trial resulted in not having it fully 
melt. Some parts are observed to be dry and the soundboard is found to have low stiffness. 
Besides, it was also observed that it is not homogenous. This could be due to the mixing process 
of the materials. The differences in the results obtained between the small plate and the 
soundboard could be due to the volume of materials as it would affect the melting temperature 
and time. Furthermore, the mixing process could also be another reason for it not to achieve the 
results as anticipated. 
50%-50% 30%-70% 
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5.1.2 Wood Flour and PHA 
Subsequent trials also show that the results obtained with wood fibres were not to the 
expectations as the soundboard is not stiff and also not fully melted. As such, it was 
recommended to use wood flour and mix it completely dry with PHA instead of using wood 
fibre. In this project, the 530 µm of wood flour is used. The process is done using the similar 
procedure as outlined in Section 5.1.1. However, the wood flour is mixed completely dry with 
the PHA. 
5.1.2.1 Results and Discussion 
Figure 15: 50%-50% composition of wood flour and PHA 
Figure 16: 30%-70% composition of wood flour and PHA 
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Figure 15 and Figure 16 shows the comparison of the results obtained with the different 
composition of wood-flour and PHA. From the figures, it can be deduced that the 50%-50% 
combination of wood flour and PHA gives the best results. It was then decided to proceed with 
the making of the soundboard using the optimum composition of wood flour and PHA obtained 
using the same curing temperature and time. 
Figure 17 below visualizes the results of soundboard using the 50%-50% composition by 
weight of wood flour and PHA, melting it a temperature of 190oC for 20 minutes. 
Figure 17: Soundboard made from 50%-50% wood flour 
As observed from the Figure 17 above, the result obtained is still not to the expectation as the 
wood flour-PHA mix is still not completely melted. However, the soundboard is found to be 
quite stiff. This abnormality or poor quality finish could be due to the process of mixing the 
wood flour and PHA as it is done manually. Some portions of the mix may not be thoroughly 
mixed resulting in some portions having more PHA and some portions having more wood.  
In order to improve the mechanical properties and address the problem, talc powder is added to 
the basic materials. This filler is common as a reinforcement and helps prevent cracks under 
stress.  Talc powder is usually colourless or white, has the ability to absorb moisture, absorbs 
oil and serve as lubricants as well as due to the hydrophobic properties, it is easily dissolved in 
the PHA polymer. Samples of the wood-PHA materials are added with 10% of talc powder 
until the wood-PHA develop 45%-45% by weight. Figure 18 shows the results of the samples 
made with the addition of 10% talc. 
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Figure 18: 45%-45% of wood flour with addition of 10% of talc 
As can be seen, the impact of adding the talc powder resulted in the materials becoming stiffer 
than without talc powder. Thus, it is determined that for the making of the soundboard as well 
as the body of the guitar, 10% of talc powder is to be added to the composite materials. 
Due to the constraints on the time and not to defeat the objectives, only the addition of 10% of 
talc is being tested rather than comparing with different percentage of talc added. 
5.1.3 Summary 
Based on the investigation, it is concluded that the composition by weight of the wood flour 
and PHA material is maintained at 45%-45% with talc powder of 10% is to be added. Section 
5.2 will deliberate further on the steps to optimize the processing temperature and time. 
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5.2 Optimizing Processing Temperature for Wood Flour 
Arising from the predetermined wood-PHA composition as indicated in the earlier paragraph 
above, an experiment is carried out to obtain the optimal curing temperature and time. Various 
temperature and time length have been tested and the result analyzed. It was first discovered 
that the optimal temperature to be at 190oC for 20 minutes. However, the end result was not 
satisfactory. The soundboard produced was not strong enough to withstand the string tension 
as the mechanical properties of the materials indicate it was not stiff enough. The section below 
elaborates on the results obtained from the experiment. 
5.2.1 Results and Discussion 
Table 4 summarizes the results obtained from the optimizing temperature using 45%-45% by 
weight of wood flour and PHA with the addition of 10% of talc.  
Table 4: Optimizing temperature and time 
Time 
(min) 
Melting 
Temperature 
(oC) 
Results 
Notes 
Melted 
Not 
Melted 
Degraded Stiff 
Not 
Stiff 
20 
180 / / OK 
185 / / OK 
190 / / OK 
193 / / 
Some darks 
spots observed 
195 / / 
Started to 
degrade 
30 
190 / / 
Started to 
degrade 
193 / / 
Started to 
degrade 
195 / / Degraded 
40 
190 / / 
Started to 
degrade 
193 / / Degraded 
195 / / Degraded 
Based on the results above, it can be seen that the best curing cycle of wood flour and PHA is 
at 180oC for 20 minutes. Figure 19 shows the sample made at 180oC for 20 minutes and Figure 
20 shows the sample made at 185oC for 20 minutes. Since from the literature research, the 
melting temperature of PHA is around 170oC, hence it was reasonable to say that the optimum 
curing temperature of wood-PHA composites is around 180oC to 185oC.  
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Figure 19: 180oC for 20 minutes (wood flour-PHA) 
Figure 20: 185oC for 20 minute (wood flour-PHA)
There will be a tendency for the wood-PHA materials to degrade if the processing temperature 
and time is higher or longer respectively. This will then affect the materials mechanical 
properties and making it more brittle. Therefore, it is crucial to obtain the right temperature and 
curing time. 
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5.3 Investigation on Wet Processing for the Guitar 
There are various factors that influence the ability of the materials to stick to the wall of the 
mould such as the resin viscosity, which may vary over time and the mould temperature. An 
investigation into the wet processing technique is carried out by comparing between ethanol 
and distilled water. The mixture of wood flour and PHA are added with a little bit of ethanol 
and water and processed in the oven at 180oC for 20 minutes. Figure 21 and Figure 22 below 
displays the resulting product comparison of the materials being mixed with ethanol and 
distilled water with the dry mix materials as a reference. 
Figure 21: Mixed with ethanol Figure 22: Mixed with distilled water 
The material with the ethanol mix seem to give a better result compared to the one mix with 
water because ethanol degrades lesser than the water. Therefore it was decided that for the 
making of the guitar’s body the wood-PHA material will be mixed with ethanol. 
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6 Guitar Manufacturing Process 
Most mass production guitars aimed at reducing time and production skill workers were built 
and developed by the likes of Gibson and Martin in the early 20th century. Solid mould is used 
to make the body, where it can produce hundreds of guitars on it. However, it takes a significant 
amount of time to work on the mould. In this study, the body of the guitar is built by using an 
existing mould formerly formed and developed by the previous project group which is available 
at the UQ composites laboratory. Several challenges were encountered and had to be managed 
during the building and making of the acoustic guitar. This section discusses the process of 
building the guitar using experimental results and analysis that had been done. 
6.1 Soundboard 
The soundboard is the most crucial part of an acoustic guitar as it determines the overall tone 
and quality of the instrument. The mechanism of the soundboard is precisely the same of a 
loudspeaker. The loudspeaker has a stiff cone that is suspended on a flexible rubber ring at the 
rim. The whole cone moved when it is energized. Similarly, for a soundboard it needs to be 
rigid and firm in the middle but supple round the edges, so that when the bridge vibrates, the 
whole soundboard goes with it [31]. Therefore, it is important to ensure the right design based 
on the tonal qualities and stiffness that is required. The soundboard is needed to be stiff enough 
to accommodate the tension applied by the string.  
Other important criteria that are significant in building the soundboard are the torque load as it 
also affects the tonal character of the instrument. There is a need to obtain a balance between 
the force applied by the strings and the stiffness of the soundboard. A light load on the 
soundboard will give insufficient energy to drive it, whereas, a too heavy load will break the 
soundboard or cannot counteract to the energy of the string [32]. 
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The shape of the soundboard is built according to the body of the mould made by previous 
project group. However, in determining the thickness of the soundboard, factors such as 
stiffness and weight of the guitar is taken into consideration. The soundboard has to be light 
and at the same time can also withstand the tension applied by the strings. Thus, the building 
of the guitar is worked around these factors and the aim is to determine the most suitable 
thickness similar to the flexural stiffness of a standard wooden soundboard. The relevant 
investigation that had been carried out to decide the thickness of the soundboard is as discussed 
and deliberated in Section 6.1.1. Upon identifying the right thickness, the process of curing the 
soundboard is done at a melting temperature of 180oC for 20 minutes. The soundboard is cut to 
shape as per the dimension designed by the earlier project group using the laser cutter.  
It was then discovered that due to the mechanical properties of the PHA itself, which is more 
brittle than other polymers such as polypropylene and lack of stiffness, two (2) layers of glass 
fibers are added to the underside of the soundboard to improve on the overall stiffness. The 
requirement of a certain level of stiffness of the soundboard is to accommodate the load and 
resist the forces applied by the strings. However, the increase in the internal stiffness resulted 
in an increase in the overall mass of the guitar. Figure 23 below shows the glass fibers that are 
attached to the soundboard. 
Figure 23: Adding glass fibre to the soundboard 
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6.1.1 Soundboard Thickness 
To determine the suitable thickness of the soundboard for this material, three (3) different 
thicknesses of the soundboard had been tested to ensure that the materials can withstand the 
tension applied by the strings. The amount of materials required for each thickness is 
summarized in Table 5 below. Full calculation of the amount of materials required can be 
referred in Appendix A.1. 
Table 5: Amount materials used 
Thickness (mm) 
Amount of materials (g) 
Wood Flour (45%) PHA (45%) 
Talcum powder 
(10%) 
3 mm 279.5 279.5 62.1 
5 mm 465.62 465.62 103.47 
7 mm 651.90 651.90 144.86 
The three (3) different types of soundboard are first being hard-pressed before being cured to 
ensure all the air is taken out to avoid porosity and void. The soundboards were being hard-
pressed in the UQ Civil Engineering Lab at a total force of 7000 kN.  
Figure 24, Figure 25 and Figure 26 below shows the 3 different thickness of 3mm, 5mm and 
7mm after being hard-pressed, cured and cut.  
Figure 24: 3 mm soundboard Figure 25: 5mm soundboard Figure 26: 7mm soundboard 
From the results, it is determined that the most suitable thickness is said to be 3mm thickness. 
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6.1.2 Summary of Soundboard Manufacturing Process 
Figure 27 below summarizes the process of making the soundboard. 
Figure 27: Soundboard Manufacturing Process 
Weigh the wood flour 
and PHA according to 
the calculated final 
thickness of the 
soundboard using 50%-
50% composition 
including 10% of talcum 
powder 
Dry mix the wood flour 
and PHA
Clean and apply release 
agent on the plate of area 
23.65 m2
Apply sealant tape on 
the plate
Apply vacuum bagging 
techniques
Hard-pressed the 
soundboard to avoid 
porosity
Cure the soundboard in 
the oven at 180oC for 20 
minutes
Laser cut the soundboard 
using the apppropriate 
dimension
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6.2 Guitar’s Body 
Traditional method in making acoustic guitar is by wood and by the use of glue lamination to 
affix separate structural pieces together. For composites materials, the use of efficient 
production methods of moulded construction is applied. However, the focus in constructing 
composite stringed instrument is to emulate the frequency distribution of a traditional wood 
instrument. 
Processing of the guitar’s body is outsourced due to the limitation of the equipment which is 
available in UQ. It is processed in the autoclave located in LSM Advanced Composites in 
Toowoomba to overcome issues with porosity as well as to give a high-quality surface finish. 
The mechanical properties of wood plastic composite materials are significantly impacted when 
processed at high pressure. The guitar is processed with a total of 2.5 bars pressure in the 
autoclave. The high pressure resulted in a satisfactory finished. However, some defects were 
discovered and shall be discussed further in the next section.  
6.2.1 Body 
The Arabic’s and classical Greek ideas influenced western thoughts when the early guitars that 
were built in the 16th century. The small bodies made them uncomfortable to hold. They had 
only a slight waist and vaulted, or even fluted back. [33].  
In this project, the body is built by using a carbon fibre mould that was formed by the previous 
project group. The body is built as one piece with the neck and head. The formation of the pleat 
is applied to the vacuum bagging film when performing the vacuum bagging techniques onto 
the guitar body. As shown in Figure 28, folding and doubling the vacuum bag one after another 
and pressing it jointly with a sealant tape making a tight seal.  By allowing the vacuum bagging 
to form consistently around the part, coherent vacuum pressure is thus created [34]. Having a 
very tight vacuum bagging film will cause bridging at the corners and elevations as shown in 
Figure 29 which will then leads to voids. Hence, extra bagging materials are warranted 
especially at the corners to prevent the problem with bridging as well as to ensure consistent 
pressure distribution throughout the body of the guitar. 
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Figure 28: Vacuum Bag pleating is applied to the guitar's body 
Figure 29: Bridging problem [34] 
Using the curing cycle as shown in Figure 30, the guitar was then cured in the autoclave and 
allowed to dwell at 150oC for 20 minutes as well as at 170 oC for 5 minutes so that the heat is 
evenly distributed to the whole body. Subsequently, a further 1.5 bar of pressure is applied. 
Once the temperature reached 180oC after 20 minutes, the materials are then allowed to cool 
for about 15 minutes. 
Figure 30: Curing cycle 
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However, upon completion of the curing process in the autoclave, it was observed that cracks 
start to appear in the body of the guitar as shown in Figure 31 primarily due to the shrinkages 
of the material as well as the geometry of the guitar itself. It was observed that the material 
shrunk a lot during processing which makes it hard to avoid cracks from happening. Also, the 
fact that PHA could not be processed at a longer time or higher temperature as it will degrades 
which will then reduce the mechanical properties of the material, therefore, making it hard to 
process the thicker part of the body such as the neck.  The cracks were then repaired using the 
epoxy adhesives namely Araldite K106. 
Figure 31: Cracks observed 
It was then decided to add some reinforcement to the body of the guitar to ensure that the guitar 
can be functional. The body of the guitar is then reinforced with two (2) layers of glass fibre to 
ensure that it has similarity to the flexural stiffness of a standard wooden soundboard as shown 
in Figure 32. 
Figure 32: Adding glass fibre to the body of the guitar 
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6.2.1.1 Body Thickness 
One of the major contributing factors in a guitar’s final sound is the body size and shape.  Two 
guitars with the body of the same size while producing an equivalent volume may have a 
different sound. However, for the body thickness, the relationship between the flexural stiffness 
and acoustic performance is not as important as that of a soundboard. In this project, the 
thickness of the guitar’s body is determined to be 5mm taking into consideration a balanced 
design between the structural rigidity and acoustic performances as well as the overall weight 
of the guitar. The amount of materials used in this project was calculated based on 5 mm body 
thickness. The calculations were carried out using the same method as discussed in Section 6.1. 
The dimensions of the guitar is taken from a CAD design made by previous project group. Full 
calculations can be referred in Appendix A.2. 
6.2.2 Neck and Heel Joint 
The neck is one of the most critical components of the acoustic guitar. It spreads from the 
headstock to the heel joint at the top of the guitar body. The structure of the neck allows the 
guitar to be played easily and provide comfortable geometry to the musicians. The neck should 
be as stiff as possible and have the required strength to resist forces applied by the strings. In 
the conventional wooden guitars, the neck is fitted to the body of the guitar by fitting a heel as 
shown in Figure 33. Usually, the neck is made from a piece of hardwood.  
Figure 33: Neck-heel joints of traditional wooden guitars 
Figure 34: Neck-heel joints of wood-PHA guitars
In this project, as mentioned before, the neck is made as a one piece together with the body of 
the guitar using a mould. The heel joint of the wood-PHA guitar is as shown in Figure 34. In 
order to ensure enough stiffness, the solid neck is machined and shaped into a hollow shape. 
Subsequently, layers of carbon fibre are added onto it prior to attaching the fingerboard. The 
carbon fibre contributes to the addition of the mass of the whole guitar.  
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6.2.3 Head 
The head is located at the end of the neck with the primary purpose to support the individual 
tuners for each string. The minor and less important purpose are basically for branding and 
decoration. In early guitars, the flared and squared ended outline is used [33]. The distinctive 
outline for the headstock acts as a mean to enhance the image of the manufacturer. To house 
the strings tension that is applied to the guitar, the head is required to be adequately strong as 
well as thick enough to place the tuning keys onto it. According to Luthier, the ideal thickness 
of the headstock used in guitars is around 1.5 cm. Therefore, a 1.5 cm thickness is used for the 
head in this project. 
However, an unexpected event occurred after the head is processed in the autoclave together 
with the guitar body as a one-piece shape. The head was broken and unattached from the neck 
of the guitar as shown in Figure 35. This is due to the shrinkages of the material during 
processing. This is the biggest challenge while processing this material as it is very hard to 
control the cracks that may occurs.  
Figure 35: Broken head from the guitar's body 
Hence, a new head is built. This time, it was manufactured using an oven made available at the 
Airbus Helicopter and went through the same curing cycle. While undergoing the curing 
process in the oven the head is clamped to ensure that the same amount of pressure is applied 
to the head of the guitar. Figure 36 shows the new head manufactured. 
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Figure 36: New head manufactured 
The process of joining the head with the neck is carried out by using strong epoxy adhesives 
namely Araldite K106 epoxy. At the same time, a screw between the head and neck is inserted 
to strengthen the bonding. Figure 37 shows the screw placed in the neck and the head. 
Figure 37: Adding screw to join the both head and neck 
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6.3 Assembly 
Upon completing the manufacturing of the soundboard and the body of the guitar, the bonding 
of the soundboard onto the guitar’s body is taken place. Several other components such as the 
bridge, nut, fret, tuning machines and sound hole were also installed. These components were 
ordered and subcontracted. 
 
6.3.1 Bonding  
The bonding process is carried out after the materials have gone through the curing process. 
The soundboard is bonded to the body of the guitar by using two parts of Araldite K106 as the 
bonding agent as shown in Figure 38 below. The epoxy adhesives took around 16-18 hours to 
be fully cured.   
 
The other components of the guitar were also being bonded using this material.  
 
 
Figure 38: Bonding agent 
 
6.3.1.1 Soundboard 
Figure 39 illustrates the bonding of the soundboard onto the guitar. 
 
Figure 39: Bonding the soundboard 
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6.3.2 Bridge and saddle 
The bridge holds the strings of the guitar in place. It is a piece of carved wood glued on top of 
the soundboard. The purpose is to transfer the sound from the string into the soundboard. One 
of the significant parts of the guitar for controlling the action of the guitar (i.e. how far off the 
fretboard the strings sit) is the bridge’s saddle. Nearly all acoustics guitars have the bridge made 
of wood. The types of wood used such as the density or hardness is vital because as mentioned 
earlier the function of the bridge is to transmit the vibrations of the strings into the soundboard. 
Furthermore, the quality of wood used is important for the transfer of energy to the soundboard 
and makes it more durable. 
In this project, the bridge is outsourced and uses rosewood. Rosewood has the right balance of 
hardness as well as lightness as acoustic bridges should not be too heavy. The bridge is then 
bonded using a strong bonding agent stated in Section 6.3.1. Figure 40 shows the bridge used 
in this project.  
Figure 40: Bridge 
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6.3.3 Fretboard 
The extended wooden segment of the guitar that grips the strings and the frets, which are located 
at the neck, are called fretboard. It allows the guitarist to press and hold their fingers when 
strumming the guitar string. In this project, the materials of the fretboard used are also rosewood 
and were outsourced. The fretboard is attached to the neck of the guitar as shown in Figure 41 
below. 
Figure 41: Attaching the fretboard 
After attaching the fretboard, the guitar was sent to the luthier for the fret installation. However, 
the process of the fret installation and the strings could not be done at this stage. This is because 
the neck is back-bowed as illustrated in Figure 42 due to the shrinkages of the material. The 
material keeps shrinking over time at room temperature due to the development of secondary 
crystallization. The fretboard needs to be perfectly aligned towards the bridge and to have the 
straightedge landed on top of the wooden bridge as illustrated in Figure 43. This is to ensure 
that the neck is at the correct angle.  
Figure 42: Back-Bowed neck 
Figure 43: Neck angle
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Thus, as a solution, the existing fretboard is machined until it is flat enough and aligned with 
the bridge as illustrated in Figure 44. 
Figure 44: Machined fretboard 
Then, a new fretboard is added and bonded to the guitar as shown in Figure 45. It can be seen 
that the fretboard of the guitar is thicker at the side near the head than the usual traditional 
wooden guitar. This makes it a bit hard for the guitarist to play the guitar. 
Figure 45: Additional fretboard 
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6.3.4 Fret Installation 
The process of installing the fret and saddle is outsourced to the luthier at The Guitar Shop 
located in Paddington, Queensland, Australia. Frets are metal inserts on a fretboard on the neck 
of the guitar. This is to ensure that it can provide for definite pitch relations between notes. 
When the strings are held down against the frets with the finger, the raised edges of the fret 
provide fixed length of strings [35]. Typically there are 19 frets on a classical guitar. Figure 46 
illustrates the frets attached to the fretboard. 
Figure 46: Fret Installation 
6.3.5 Tuning Keys 
Holes of sizes 6mm diameter on the higher surface and 9mm diameter on the lower outer part 
were drilled at the head. This is done for the purpose of installing the tuning keys. The setting 
and the sizes of the holes are defined based on the previous carbon fibre project guitar. The 
tuning keys come with small screws to allow for the tuning keys to be attached strongly to the 
head of the guitar. Figure 47 below shows the tuning keys attached to the headstock.  
Figure 47: Tuning Keys 
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6.3.6 The 6-String Guitar 
The guitar strings are also an essential part of the 
guitar and providing the required tone to the 
guitarist. In this project, the strings selected for the 
guitars were nylon strings due to the fact that nylon 
strings are less dense than steel strings. The lightest 
string was chosen to avoid any breakage or 
deformation to the guitar in view of the softness of 
the materials used.  The strings that are used in the 
guitar are shown in Figure 48. 
6.3.7 Tuning the 6-String Guitar 
Looking straight downwards at the guitar the sequence of the strings would be from the thickest 
to the thinnest, that is, strings E, A, D, G, B, and E as shown in Figure 49 below. Applying the 
standard tuning of a guitar, the guitar is then tune using the phone application as reference and 
tuned to the standard tuning of E2, A2, D3, G3, B3, E4 as shown in the table below:- 
Table 6: Tuning frequency 
Notes Frequency (Hz) 
E2 82.4 
A2 110.0 
D3 146.8 
G3 196.0 
B3 246.9 
E4 329.6 
Figure 49: Tuning Notes 
Figure 48: String used
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6.4 Summary of Guitar Manufacturing Process 
Figure 50 below shows the flowchart of the manufacturing process of the acoustic guitar. 
Figure 50: Guitar manufacturing flowchart 
1. Weigh wood flour and
PHA according to the
calculated using the final 
thickness of the 
soundboard using 50%-
50% composition 
including 10% of talcum 
powder
2. Mix the wood
flour and PHA
with ethanol
3. Clean and
apply release
agent on the
guitar mould
4. Put the materials
in the mould
5. Apply sealant
tape
6. Apply vacuum
bagging
7. Cure the guitar in
the autoclave located
in LSM Advance 
Composites, 
Toowoomba at 180oC 
for 20 minutes
8. Remove the
guitar body from 
the mould
9. Bond the
soundboard using 
epoxy adhesives 
nand clamp them
10. Machine the
neck until it is the
same level with the
sounboard
11. Sand all
bonding surfaces
12. Bond tthe
fingerboard and 
clamp them
13. Bond the nut
and the bridge
14. Drill holes at
the head
15. Attach the
tuning keys
16. Attach guitar
strings using
tuning keys and 
bridge pins 
(luthier)
17. Tune the guitar
using standard
tuning
The Manufacture of a Bio-Composite Acoustic Guitar Made from Wood-PHA Composites 
50 | P a g e
The manufacturing process of the guitar is summarized and illustrated in Figure 51. 
Figure 51: Guitar manufacturing process summary 
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7 Structural Analysis 
7.1 Soundboard 
The greatest contribution of forces to the structure of the guitar is from the strings. The strings 
when they are in tension and vibration presents a static and dynamic force respectively. Due to 
the large forces applied by the strings, it was observed that there is a small deflection occurred 
at the soundboard. Since the soundboard is fixed at the edges, therefore, a small deflection had 
been observed to occur at the centre of the soundboard. In traditional wooden guitars, the use 
of bracing would support the applied force. However, in this experiment of building a first 
acoustic guitar made from wood and PHA polymer which is 100% bio-sourced and 
biodegradable where the properties of the material are not stiff enough, therefore the 
soundboard deform as shown in Figure 52. 
Figure 52: Effect of tension on the soundboard [36] 
7.2 Head 
After installing the strings on the guitar and upon tuning, it was 
observed that deformation to the head started to take place. 
Therefore, to prevent breakage of the head when string tension 
is applied, a steel plate is added at the back of the head to 
support it. To further strengthen the head, a brass plate is also 
added between the head and the neck as shown in Figure 53. 
This step is necessary because the material is too soft and 
continues to shrink over time. Literature has said that the 
mechanical properties of the PHA changes at room temperature 
and makes them brittle due to the development of secondary 
crystallization of the PHA. 
Figure 53: Adding plate at the head
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8 Challenges Encountered 
Manufacture something that has never been proven before is challenging especially when 
dealing with the polymer. Several unexpected challenges were encountered while undertaking 
this project. One of the challenges is to address the porosity issue. The vacuum process has to 
be right and able to exert enough pressure while it is undergoing the curing process. Other 
important challenges are to obtain the optimum temperature and time for the materials to melt 
but not to the extent of losing the degradability. Furthermore, the materials have to be stiff 
enough to absorb the string tension when applied to the guitar. The other pressing issue is to 
overcome the shrinkages and deformation of the materials. Since PHA takes a longer time to 
being fully crystallized, the material shrunk resulting in deformation to occur. The mechanical 
properties of PHA also decreased over time due to secondary crystallization.  
9 Completed Guitar 
Figure 54 below shows the completed acoustic guitar made from wood-PHA composites. 
Figure 54: Completed wood-PHA guitar 
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10 Project Risk Management 
An analysis of project risks regarding both management and technical aspects was summarised and displayed in Table 7. This includes consequences, 
treatment and evaluation of risks of each component while undertaken the project. 
Table 7: Project Risk Management 
Component 
Risks 
identification 
Causes Consequences 
Initial Risk rating 
(Before Treatment) 
Risk 
Treatment/ 
Control 
Residual Risk  
(After Treatment) 
L
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R
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ev
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R
is
k
 
M
a
te
r
ia
l 
Laboratory 
safety 
Improper 
disposal 
materials 
Improper 
disposal method 
Destruction to 
the 
environmental. 
Low Moderate Moderate 
Adhere 
laboratory 
procedure 
Low Moderate Low 
Epoxy 
adhesive 
(Araldite) 
Sticking of the 
araldite to the 
skin. 
Improper safety 
apparels/PPE 
Skin irritation Likely Moderate Moderate 
Wearing proper 
safety 
apparels/PPE 
Low Moderate Low 
Releasing 
agent 
Inhalation of 
emissions 
Improper safety 
apparels/PPE 
Giddiness Likely Moderate Moderate 
Wearing proper 
safety 
apparels/PPE 
Low Moderate Low 
Wood stain 
Skin contact 
with wood stain 
Improper safety 
apparels/PPE 
Health impact Likely Moderate Moderate 
Wearing proper 
safety 
apparels/PPE 
Low Moderate Low 
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Component 
Risks 
identification 
Causes Consequences 
Initial Risk rating 
(Before Treatment) 
Risk Treatment/ 
Control 
Residual Risk  
(After Treatment) 
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Oven 
processing 
Burning Unsuitable PPE Bodily Injury Low Moderate Moderate Wear appropriate PPE Low Moderate Low 
Guitar body 
Weakness in the 
manufacturing 
method 
Lack of 
research 
Delay in project 
timeline, 
defects to the 
product 
Medium Medium Likely 
Revise manufacturing 
method and do a lot of 
research 
Low Moderate Moderate 
Vacuum 
bridging 
Wrong process/ 
technique 
Lack of 
experience 
Delay in project 
timeline 
Medium Medium Moderate 
Use the correct 
techniques, ensure 
enough bagging 
materials at the corners 
Low Moderate Low 
Formation 
of porosity 
Insufficient 
pressure applied 
Weakness in the 
mechanical 
properties of the 
bio-composites 
materials 
Not meeting the 
required 
specification/ 
quality. 
Likely Medium Likely 
Adding talc powder to 
the materials. 
Moderate Moderate Low 
Sanding 
Inhalation of 
sanding powder/ 
particulates 
Improper use of 
PPE 
Affecting the 
health of the 
person. 
Low Moderate Moderate 
Wearing the correct 
PPE 
Low Low Low 
Drilling 
Harm to body 
hand 
Improper use of 
PPE 
Bodily injury Low Moderate Moderate Wear appropriate PPE Low Moderate Low 
String Strings break Too tight 
String no longer 
useful 
Moderate Medium Moderate 
Replace with new string 
and ensure that the 
string is not being tight 
above its ability  
Low Moderate Low 
The Manufacture of a Bio-Composite Acoustic Guitar Made from Wood-PHA Composites 
55 | P a g e
Component 
Risks 
identification 
Causes Consequences 
Initial Risk rating 
(Before Treatment) 
Risk Treatment/ 
Control 
Residual Risk  
(After Treatment) 
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S
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u
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u
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l 
Body Cracks 
Guitar dropped, 
shrinkages of the 
materials 
Guitar no longer 
useful 
Likely High Medium Handle with care Moderate Medium Moderate 
Neck Deformation 
Forces applied 
by the string 
tension, 
shrinkages of the 
materials 
Guitar no longer 
useful 
Likely High Medium 
Rectify by adding 
layers of carbon 
fibre 
Moderate Medium Moderate 
Bonding 
Inadequate 
bonding of the 
bridge, 
soundboard, and 
fretboard 
Bonding 
material has 
inadequate 
strength 
Bridge separated 
from 
soundboard 
Likely Moderate Medium 
Apply sufficient 
bonding material 
Moderate Medium Moderate 
Heel joint Cracks 
Improper 
manufacturing 
Decrease in the 
neck angle, 
guitar no longer 
useful 
Likely High Medium 
Apply sufficient 
adhesives 
Moderate Moderate Moderate 
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Component 
Risks 
identification 
Causes Consequences 
Initial Risk rating 
(Before Treatment) 
Risk Treatment/ 
Control 
Residual Risk  
(After Treatment) 
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Scheduling 
Changes in 
scope 
Project grow in 
complexity 
Delay in project 
schedule 
Unlikely High Medium 
Control and 
maintain project 
within scope 
Unlikely Minor Low 
Schedule 
Due workload, 
error in 
estimation, or 
natural factor 
such as sickness, 
accident 
Delay in 
completion of 
the project 
Likely High Medium 
Use tools such as 
Work Breakdown 
Structures (WBS) 
and Gantt Charts 
Likely Medium Moderate 
Material 
availability 
Limited 
availability of 
components and 
materials 
Delay in 
completion of 
the project 
Likely Major Extreme 
Make sure the 
components are 
available earlier 
Moderate Minor Medium 
Equipment 
Breakdown or 
unavailability of 
major equipment 
Delay in 
completion of 
the project 
Likely Major Medium 
Ensure oven is 
operational and 
available by 
booking in advance 
Unlikely Minor Medium 
Resource Lack of funding 
Jeopardise the 
project 
Unlikely Major Extreme 
Make sure enough 
budget is allocated 
to the project 
Unlikely Minor Low 
Technology 
Breakdown 
and/or corrupt in 
computers 
softwares & 
hardwares 
Delay in 
completion of 
the project 
Moderate Major Extreme 
Back up 
information on 
other devices 
Moderate Minor Low 
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11 Conclusions and Recommendations 
The thesis was aimed at demonstrating that the acoustic guitar can be manufactured by using 
bio-composite materials, in particular, using wood-PHA combination (wood fibre or wood flour 
and polyhydroxyalkanoates (PHA) polymer) instead of the commonly used rare-wood in the 
traditional acoustic guitar making. The research would also provide a better understanding of 
the wood plastic processing and its mechanical properties. 
It is important to take cognisance and be aware of the importance of finding a solution to replace 
rare-wood in the making of the acoustic guitar because high-quality wood has become scarcer 
and deforestation is an environmental issue that persists across the globe. The implementation 
of non-wood alternative materials in making the acoustic guitar soundboard would address the 
problem both economically and environmentally. For special wood such as cedar or spruce 
wood that is suitable for musical instrument, the quality is focussed on its grain types that is 
with a straight and uniform grain.  
Several experiment and investigational methods had been carried out to select the best mixture 
of wood-polyhydroxyalkanoate (PHA) composites to replace the traditional wooden guitars. 
Based on the investigation, it is concluded that the most suitable mixture is by using wood flour 
and PHA having a composition by weight of 45-%45% wood flour-PHA with the addition of 
10% talc powder. The optimal curing cycle in the processing of the wood-PHA materials is 
recommended to be at 180oC for 20 minutes. However, it was observed that the materials shrunk 
a lot during processing. This poses a challenge to address deformation and cracks. The fact that 
wood-PHA composites degrades and were unable to be cured longer at higher temperature 
makes it hard and vulnerable to manufacture the thick parts of the guitar such as the neck. 
Overall, the project is a success and has met its objectives of making the acoustic guitar using 
the wood-PHA composite materials with some reinforcement to address deformation and 
cracking due to the lack of stiffness properties of the wood-PHA material. The reinforcement 
method includes the introduction of talc powder as fillers, the installation of glass fibre at the 
guitar body and the soundboard, the installation of steel plate at the back of the guitar head and 
the installation of additional support at the guitar neck. 
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11.1 Recommendations 
The study conducted showed a promising future for wood-PHA composites as an alternative 
material to the traditionally and commonly used wood base material in making an acoustic 
guitar. However, it is recommended to further investigate the suitability of these bio-composite 
materials. The processing method needs to be relook and alternative processing other than 
vacuum bagging also need to be explored which can further reduce or eliminate the 
reinforcement used. 
The future of wood-PHA composites will depend on many factors including product quality, 
player’s perception of the stringed instrument, economics considerations and performance of 
these materials. 
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Appendices 
A.1 Amount of materials calculations
A.1.1 Soundboard
In order to find out the quantity of materials required to build a 3 mm thickness soundboard, 
the density of the materials and the volume of the soundboard are taken into consideration. 
Table 8Table 8 shows the density of wood flour and PHA.   
Table 8: Calculation of density of materials 
Density (g/cm3) 
Wood Flour 0.5 
PHA 1.25 
Wood Flour + PHA 
0.5 + 1.25
2
= 0.875 
The soundboard is being processed as a rectangle shape and has a dimensions of length = 550 
mm, width = 430 mm. As the thickness required is 3mm, therefore the volume of the 
soundboard is  
𝑉 =  𝑤 𝑥 𝑙 𝑥 𝑡 
𝑉 =  550 𝑥 430 𝑥 3 
𝑉 =  709.5 𝑐𝑚2
From equation 𝜌 =  
𝑚
𝑉
, the mass needed for the materials is then calculated. 
𝜌 =  
𝑚
𝑉
𝑚 =  𝜌𝑉 
𝑚 = (0.875)(709.5) 
𝑚 =  620.813 𝑔 
The total mass will then be divided using the required composition of 45%-45% by weight of 
wood-PHA and 10% of talc.  
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A.1.2 Guitar’s body
The dimensions of the guitar’s body is taken from the CAD design made by previous project 
group. Table 9 Displays the dimensions of each parts of the guitar’s body.  
Table 9: Dimensions of Guitar's body 
Component Area (cm2) Thickness (cm) Volume (cm3) 
Body 3300 0.5 1650 
Neck 290 1 290 
Head 125.2 1.5 187.8 
Total 2127.8 
Table 10 shows the total mass of the materials required based on the volume of the guitar’s 
body.  
Table 10: Total mass (g) of materials required 
Volume (cm3) 2127.8 
Density of wood-PHA (g/cm3) 0.875 
Total Mass (g) 1861.825 
Table 11 summarized the approximate amount of mass required for wood-flour, PHA and Talc 
powder. 
Table 11: Mass required (g) 
Wood Flour PHA Talc Powder 
Mass (g) 837.82125 837.82125 186.1825 
